Abstract. Multiple sclerosis (MS) has become prevalent in the Arabian Gulf area with high incidence in Bahrain due to environmental influences and genetic susceptibilities, but there is a lack of study into human leukocyte antigen (HLA) types in patients with MS in Bahrain. The present study aimed to study the HLA types expressed in MS patients compared with in control subjects. Blood samples from 50 Bahraini patients with MS and 50 Bahraini control subjects' were subjected to HLA tissue typing by polymerase chain reaction using sequence-specific primers. In comparison with those in control subjects, the allele frequencies of HLA class-I antigens A2, A9, A19, B5, B35 and B40 were higher in MS patients. For class II antigens, the allele frequencies of DR3, DR4 and DR16 were higher in MS patients. The allele frequency of DR15 was lower in MS patients than in control subjects but the difference was not statistically significant (P=0.138). The higher prevalence of the HLA-ABDR allele was common among the female patients with MS, in relapse remission stage, in cases with higher expanded disability status scale scores and with disease duration between 4 and 9 years. Haplotype HLA-A2-B40-DR2 exhibited significantly higher frequency in MS patients compared with in control subjects (P= 0.03).
Introduction
Multiple sclerosis (MS) is a severe neurological disorder in which oligodendrocytes are destroyed leading to disability, physical impairment, reduced quality of life and, potentially, mortality (1) . MS affects 2.5 million individuals worldwide (2, 3) . The majority of individuals with MS are in the 20-50-year age range, and the disease tends to affect women 2-3 times more than men (4, 5) . The main etiology of MS remains largely unknown, though genetics and environmental risk factors are considered to serve a major role in disease pathology (6) . The human leukocyte antigen (HLA) complex has been linked with susceptibility to a number of neurodegenerative diseases, including MS (7) . Although it is apparent that the HLA region is associated with MS disease risk, the specific genes responsible have been difficult to determine (7) . Over 200 genes associated with MS have been identified and, of these, 110 non-HLA genetic loci have been detailed and 13 HLA loci identified (6, 8) . The haplotype of the HLA-DR15 antigen, DRB1*15:01-DQA1*01:02-DQB1*06:02, has been studied and found to be notably associated with MS, increasing the risk of disease development by 3-fold (9) . In the current study the aim was to determine the HLA types expressed in Bahraini patients with MS and compare them with those in control subjects. Additionally, it was determined whether the DRB1*15:01 allele was associated with MS in the Bahraini population studied.
Materials and methods
Study subjects. Study subjects included 50 Bahraini patients with MS undergoing treatment, who were diagnosed at the Department of Neuroscience of Salmaniya Medical Complex (SMC, Manama, Bahrain). The clinical diagnosis was relapsing remission (RR) in 43 patients, primary progressive (PP) in 4 patients, and secondary progressive (SP) in 3 patients. All MS patients recruited for the study were assessed independently by a neurologist who diagnosed a clinical relapse, in the case of the relapsing cohort, or confirmed clinical remission of the patients in the remission cohort. A magnetic resonance imaging (MRI) brain scan confirmed MS diagnosis according to the McDonald criteria (10) . Demographic (age at onset of first symptoms and sex) and clinical (disease course and disability status) data, and the findings of all paraclinical tests were recorded for all patients. Disability was evaluated using the Kurtzke expanded disability status scale (EDSS) (11) . A total of 50 healthy Bahraini control subjects with no neurological problems or history of autoimmune and inflammatory disease were also enrolled in the study as volunteers, from the SMC Blood Bank.
Inclusion and exclusion criteria included the following: Patients and controls should be of Bahraini origin; patients should be in relapse stage; and healthy control subjects should be without any autoimmune diseases or neurological disorders.
Written informed consent was obtained from all patients under a protocol that was approved by the Research and Ethics Committee of the College of Medicine and Medical Sciences, Arabian Gulf University, Bahrain. Control subjects provided consent on donation of blood samples. Ethical approval from the Ministry of Health, Bahrain was also obtained.
Sample collection and DNA extraction. Blood samples (4 ml) from the MS patients were collected at the Department of Neuroscience, SMC, while control subject samples were collected from the SMC Blood Bank. DNA was extracted from the Buffy coat using a QIAamp ® DNA Mini and Blood Mini kit (Qiagen GmbH, Hilden, Germany). The DNA samples' purity was measured with a NanoDrop 1000 spectrophotometer (Thermo Fisher Scientific, Inc., Waltham, MA, USA).
HLA typing. Genotyping of the HLA alleles HLA-A, -B and -DR was performed using polymerase chain reaction sequence-specific primers (PCR-SSP) from Bio-Rad Medical Diagnostics GmbH (Dreieich, Germany). PCR was performed with the HLA SSP series (cat. no. 189738) according to the manufacturer's protocol, as follows: Initial denaturation at 94˚C for 2 min; 10 cycles of denaturation at 94˚C for 10 sec and annealing and extension at 65˚C for 60 sec; and 20 cycles of denaturation at 94˚C for 10 sec, annealing at 61˚C for 50 sec and extension at 72˚C for 30 sec. The PCR products were identified using 2% agarose gel electrophoresis visualized with ethidium bromide staining. Following completion of the electrophoresis, the gel was placed on a UV transilluminator and photographed for documentation and interpretation.
Statistical analysis. HLA analysis was performed by comparing the dominant allele frequencies and HLA haplotypes between the MS patients and control subjects using Arelquin version 3.5 (http://cmpg.unibe.ch/software/arlequin3/). The high-frequency alleles were analyzed for association with clinical features, by calculating odds ratios (ORs) with 95% confidence intervals (CIs). Pearson's χ 2 and Fisher' exact probability tests were performed on the VassarStats website (http://vassarstats.net/) to analyze differences between the control and MS groups. P<0.05 was considered to indicate statistical significance. years). On evaluating MS progression, the degree of disability indicated by EDSS score was a median of 3.7, and the mean disease duration in terms of symptoms was 6.6±5.5 years. The 50 MS patients were undergoing treatment with Avonex, Betaferon, Gilenya, Rebif or Tysabri (12, 9, 4, 6, 17 and 2 patients, respectively; Table I ).
Results

Demographics
HLA-ABDR alleles frequency in MS patients and control
subjects. The analysis of HLA-ABDR tissue typing in MS patients detected 9 of HLA-A loci, 23 of HLA-B loci and 9 of HLA-DR loci (Table II) . A higher frequency, though not to significant extent, was observed of HLA-A alleles in MS patients compared with in control subjects, namely of A11, A19, A2 and A3. The frequency of the HLA-A9 allele was significantly higher in MS patients compared with in control subjects (20 vs. 8%; OR, 2.875; CI, 1.201-6.883; P= 0.014). However, the HLA-A9 allele did not exhibit significant difference after applying Bonferroni's correction.
A higher frequency, though not significant, of HLA-B alleles was observed in the MS patients compared with in control subjects, namely of B12, B13, B14, B21, B37, B40, B41, B5, B53, B78 and B81. The frequency of the HLA-B35 allele was significantly higher in MS patients compared with Allele frequencies are presented as the percentage of each allele in relation to total number of alleles (2n) in the group. When a single allele was found it was considered homozygous and counted twice. P-values were obtained using Pearson's χ 2 or Fisher's exact (two-sided) tests. Pc was for the number of different alleles tested (multiplication of P-values by 9 for HLA-A alleles, by 23 for HLA-B alleles and by 9 for HLA-DR alleles). HLA, human leukocyte antigen; MS, multiple sclerosis; Pc, corrected P-value. patients (28 vs. 8%; OR, 3.435; CI, 1.454-8.114; P=0.003), and HLA-A1 had marginally higher frequency in control subjects than in MS patients (16 vs. 13%; OR, 1.275; CI, 0.578-2.811; P=0.548).
Furthermore, HLA-B15 was present at higher frequency in control subjects than in MS patients (12 vs. 5%; OR, 2.591; CI, 0.877-7.651; P= 0.075), and HLA-B8 showed significantly higher allele frequency in control subjects than in MS patients (11 vs. 3%; OR, 3.996; CI, 1.079-14.791; P= 0.026); however, HLA-B8 did not exhibit significant difference after applying Bonferroni's correction. Additionally, HLA-DR1 (16 vs. 10%; OR, 1.714; CI, 0.737-3.988; P=0.207) and DR6 (12 vs. 7%; OR, 1.812; CI, 0.682-4.811; P= 0.228) showed higher allele frequencies in control subjects than in MS patients.
HLA-B18 and HLA-DR2 exhibited equal frequencies between the study populations. HLA-DR15 was present at lower frequency in MS patients than in control subjects (6 vs. 12%; OR, 2.136; CI, 0.769-5.938) but the difference was not statistically significant (P=0.138; Table VI). Fig. 1 presents the most frequent HLA-ABDR alleles detected in MS patients and control subjects. Figs. 2 and 3 show representative gel electrophoresis results of PCR products for the HLA loci in an MS patient and a healthy control subject.
Association of high-frequency HLA-ABDR alleles with MS clinical features.
HLA alleles A19, A2, A9, B35, B5, B40, DR3 and DR5 were more common in female MS patients, while HLA-DR4 was more common in male MS patients. HLA-B5 exhibited significantly higher allele frequency in female patients than in male patients (P= 0.001). Regarding disease progression, these alleles were notably more frequent in the RR stage of MS. The high-frequency HLA-ABDR alleles of MS patients also appeared associated with EDSS scores between 3 and 4, and with disease duration ranging from 4 to 9 years (Table III) .
High-frequency allele subtypes of MS patients and control subjects. Table IV presents the high-frequency allele subtypes Figure 1 . Most frequent HLA-ABDR alleles in MS patients and control subjects. The results revealed that HLA-A19, A9, A2, B5 and DR3 were the highest frequency alleles in MS patients, and HLA-A10 the highest frequency allele in control subjects. Error bars indicate the mean ± standard error of the mean. HLA, human leukocyte antigen; MS, multiple sclerosis; C, control. Table III 
Sex
MS type of HLA-ABDR in MS patients compared with control subjects. Regarding HLA-A genotypes; HLA-A19, and HLA-A9 were higher in MS patients compared to control subjects. The HLA-A30 allele was more frequent in MS patients compared with in control subjects (8 vs. 3%; P= 0.120). HLA-A24 was significantly higher in MS patients than in controls even following Bonferroni correction (16 vs. 5%; P= 0.02). HLA-DR11 showed higher frequency in MS patients than in control subjects (15 vs. 11%; P=0.399). Table V reports the high-frequency allele subtypes of HLA-ABDR in control subjects compared with MS patients. HLA-A26 exhibited higher allele frequency in control subjects compared with in MS patients (12 vs. 5%; P=0.075), as well as HLA-DR13 (10 vs. 5%; P=0.161).
Table VI depicts the subtypes of alleles with equal frequency between the study populations.
Comparison between HLA-ABDR haplotypes of MS patients and control subjects. HLA-ABDR haplotypes in patients and controls were analyzed. Only haplotypes present in at least 2% of the sample were considered. This identified 90 prevalent haplotypes (data not shown) in MS patients and control subjects. The haplotype HLA-A2-B40-DR2 exhibited significantly higher frequency in MS patients compared with in controls (5 vs. 0%; P= 0.030). Meanwhile, 4 haplotypes were common between MS patients and control subjects: HLA-A1-B5-DR3, HLA-A10-B12-DR4, HLA-A19-B15-DR7
and HLA-A9-B5-DR3. Among these, 2 showed the same frequency, HLA-A1-B5-DR3 and HLA-A19-B15-DR7 (2%); the other 2 (HLA-A10-B12-DR4 and HLA-A9-B5-DR3) were slightly higher in MS patients (3 vs. 2%). Overall a total of 10 haplotypes exhibited higher frequencies in MS patients than in controls. Meanwhile, 3 haplotypes (HLA-A2-B15-DR3, HLA-A2-B15-DR7 and HLA-A19-B15-DR1) were present only in control subjects (Table VII) .
Discussion
MS is a complex multifactorial disease caused by interaction between environmental and genetics risk factors (12) . There have been numerous reports of increased prevalence of MS worldwide in the last 5 years, with the Arabian Gulf area exhibiting a moderate-to-high prevalence (31-55 MS cases per 100,000 individuals) (13) . Over 400 MS cases were identified in the neuroscience department at SMC (unpublished data). The present study aimed to assess the genetic risk factors among HLA loci that may be involved in the pathogenesis of MS in Bahraini patients.
The importance of HLA class I and II in the risk of developing MS has been widely studied (14) . Several studies from the United States (15) European population (16, 17) . Other alleles may contribute to MS in European populations, in particular HLA-DQA1*05:01, HLA-B*44:02 and HLA-C*05 (18) . In Sardinian MS patients, disease pathology has been associated with the DRB1*03:01, DQA1*05:01, DQB1*02:01 and DRB1*04:05, DQA1*05:01 and DQB1*03:01 alleles (17, 19) . In African-Brazilian MS patients, the strongest association was observed with DQB1*06:02 (19) . In Canadian MS families, the DRB1*15:01 allele appeared to determine susceptibility to MS (19) .
In the present study, the relative frequencies of HLA class I and II alleles and haplotypes were assessed in 50 Bahraini patients with MS. Overall, current observations are not in line with a previous reports (20) , which has concluded the highest risk HLA allele associated with MS to be HLA-DRB1*15:0, and that for HLA haplotype to be HLA-DRB1*15:01-HLA-DQA1*01:02-HLA-DQB1*06:02-HLA-DRB5*01:01 (20) .
The present results suggested other susceptibility alleles of HLA-ABDR genotypes, in particular HLA-A9 and B35. In addition, HLA-ABDR allele subtypes A24 was higher in MS patients compared with in controls. This finding is similar to results of a study in Kuwaiti patients with MS disease (21) . Additionally, the current results on HLA-A9 and A19 were similar to findings reported by Chao et al (22) . Furthermore, the higher frequency observed of HLA-A2 in MS patients is similar to previous reports across populations from The Netherlands, Switzerland, USA and Scandinavia (20, 23) . Our result on HLA-A24 is further in the line with an Iranian study (24) . Moreover, the findings on HLA-DR3 are similar to those reported in a Russian Altai territory population (25) . Regarding HLA-B5 and DR4, the present results were similar to an Iraqi study that reported association of these alleles with MS; however the same study indicated the protective alleles of HLA-B35 and DR2, which differs from present findings (26) . Previous studies have suggested that the HLA-A2 allele has a protective effect in MS (27, 28) . The current study further indicated a positive association and therefore protective effect of HLA-A10 allele in healthy control subjects compared with MS patients, similar to a study by Amirzargar et al (29) . By contrast, Al-Shammri et al (21) and Chao et al (22) found that HLA-A10 was higher in MS patients. The finding that HLA-B8 and B15 may serve as protective alleles also differs to previous results of Chao et al (22) and Jilek et al (28) . Regarding HLA-DR6 as a protective allele, the current data is in line with the Kuwaiti study while differing from findings in Japan and Mexico (21, 30) . The indication of HLA-DR13 as a protective allele is similar to a Spanish study (31) but dissimilar to an Italian study (32) . The current result on HLA-DR15 is dissimilar to findings in the Russian Altai study, which indicated association with a high risk of MS (25) . HLA-DR2 exhibited an equal allele frequency between the current study populations, similar to a US study (33) .
The current study further indicated HLA-A19, A2, A9, B35, B5, B40, DR5 and DR3 were found to be more common in female MS patients, in RR stage, in MS patients, in cases with EDSS scores between 3 and 4, and in cases with disease duration between 4 and 9 years. Notably, HLA-B5 was common and significantly higher (P=0.0001) in female compared with male patients, whereas HLA-DR4 was more common in male patients in RR stage, and was observed in patients above 30 years old, similar to a study performed in Qatar (13) . The results on HLA-DR2 and DR4 were similar to the Kuwaiti study. In contrast, a US study and others suggested have that DR2 is apparent in several forms of MS (34) . Although the HLA-DRB1*15 haplotype may represent the main disease risk factor in populations of North European origin, several dissimilar allelic associations have been identified in Southern European populations, Israel (35) and other countries (30) . The comparison of HLA-ABDR haplotypes between MS and control subjects determined 10 haplotypes with higher frequency in MS and absence in control subjects. A total of 5 haplotypes carried HLA-A19, 4 carried HLA-B5 and 5 carried HLA-DR2, indicating susceptibility alleles. A significant positive association of HLA-A2-B40-DR2 was detected in the Bahraini MS patients (P= 0.030). Therefore, the most potent genetic effects appear to be conferred by A2 and DR2, which is similar to findings in several previous studies (9, 19, 23) . Interestingly, HLA-A9 and B35 were indicated as risk factor alleles for MS disease, whereas HLA-A10 and B8 were determined as protective alleles. An obvious association of a specific haplotype with a particular autoimmune disease in an ethnic group may not hold in another ethnic group, where haplotypes associations may be differ entirely. Nevertheless, the present results indicate that HLA-A2-B40-DR2 haplotype is significantly higher in Bahraini MS patients when compared with healthy individuals.
In conclusion, observations of different allele and haplotypes associations with MS between various populations emphasizes that there may be a population-specific genetic susceptibility or protection conferred by HLA alleles for MS in different populations reported. HLA-DRB1*1501 has been consistently associated with MS susceptibility in genetic studies. The current study did not find evidence of association between HLA-DRB1*1501 and MS in the Bahraini patients studied. Certain HLA-ABDR antigens (A19, A2, A9, B35, B40, B5, DR3, DR4 and DR5) were present at higher frequencies in the MS Bahraini patients compared with controls; while HLA-A10 was indicated as a protective allele, being detected at higher frequency in the control subjects. The current indications of HLA allele associations with MS differ from observations in Caucasians and certain Arab populations, though are similar to findings in Kuwaiti patients.
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